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The theoretical solution for the flow beneath V/STOL aircraft was
extended to include tilted jet configurations. A laboratory model was
constructed to test the effect of variation of the parameters governing
the flow. Free streamline plots, pressure coefficients on the ground
and fuselage and velocity profiles in the nozzles were determined from
hot-wire anemometer traverses and micromanometer readings. Experimental
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I flow region in the Q plane
K complete elliptic integral of the first kind
K' defined by K' (k) = K(k')
k modulus of elliptic integral
hk' defined as \'l - k
p pressure
p ambient pressure outside jets
Q an angle used to evaluate Q functions
R Reynolds number, AV /v
e o
T complex variable in T-plane, § + ir]
t complex variable in t-plane




velocity at nozzle exit
V average velo ity at nozzle exit
V velocity along free streamlines
o
J &
v velocity in y-direction
W complex potential, § + iijr
x,y coordinates in physical plane
z complex variable, x + iy
a tilt angle of nozzle
3 plate angle
T flow region in the T-plane

A width of nozzle
6 T , 6 D asymptotic widths of streams flowing to left and to rightL R
Q complex conjugate velocity, u-iv
9 Theta-function
® function defined in equation (4)




fi function defined in Appendix A
Subscripts
:
A,G,H refer to stagnation points
r refers to boundary point
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I . INTRODl CION
In recent years crowded airport facilities, the search for rapid
urban transportation and the need for military aircraft capable of
operating from advanced bases has resulted in a great deal of attention
being given to V/STOL (vertical/short take-off and landing) aircraft.
Much research has been performed on various models and full-scale versions
of these aircraft. Some operational types have been developed.
When operating near the ground these aircraft are quite similar in
principle to ground effect machines. Ground effect can be either beneficial
or detrimental depending upon the configuration of the aircraft. Land
erosion, damage to objects near the operating area and recirculation of
debris and hot exhaust gases beneath the fuselage are some of the prob-
lems involved with hovering near the ground. The reingestion of exhaust
gases reduces the efficiency of the engines. Recirculating debris may
also enter the engines or severely damage the underside of the aircraft.
Some pilots have experienced handling difficulties, drastic loss of power
and visibility problems as a result of ground effect.
The recirculating flow underneath the aircraft, however, can also
produce a lifting force which can significantly reduce the thrust necessary
to operate the aircraft. Small modifications to the aircraft such as
tilting of engines can often reduce the unfavorable effects to such an
extent that the additional lift provided by the recirculating flow can
produce improved performance. A mathematical model of the flow field
beneath V/STOL aircraft would permit designers to estimate the effects









The theoretical solution for the flow fie Id beneath V/STOL aircraft
with two vertical two-dimensional jets has been presented' in a series of
three NASA reports. The purpose of this research was to obtain experi-
mental verification of the present theory and to extend the theory to




An analytical solution to the flow beneath a V/STOL aircraft was
obtained by Goldstein and Siegel [Ref 3]. They considered a two-
dimensional model of an aircraft with a slot jet exhaust or fan pod in
each wing. The analysis was performed assuming an incompressible,
inviscid, isothermal, irrotational , steady flow. A flat plate at an
angle to the ground represented the fuselage. The flow field was mapped
into a hodograph plane and a complex potential plane. A brief outline of
this analysis is given in Appendix A.
So that entrainment could be ignored this solution assumed that the
nozzles were within a few nozzle widths of each other. For the same
reason the nozzles were also required to be within a few nozzle widths
of the ground. The nozzles were assumed to be perpendicular to the
ground. Since tilting of nozzles is one possible solution to recircu-
lation problems, a more general analysis should allow the nozzles to be
at some angle to the perpendicular.
Considering the flow field shown in Figure 2 and proceeding exactly
as did Goldstein and Siegel the hodograph and complex potential planes
are as shown in Figure 3-1 end 3-2. The function which maps the
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3/n
(1)
where the Q function is w defined in Appendix A. Taking the argument
of this function and requiring that the direction of the flow along the










































The remainder of the analysis proceeds exactly as before and the








,k') + 6R/6 L
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There are in this case six parameters which determine the flow field:
plate height, plate width, plate angle, nozzle height, nozzle spacing and
nozzle angle.
The plate and nozzle angles appear in the solution but t 2 other
parameters must be calculated. Following the exanple of Goldstein and
Siegel the solution is determined by integrating along the sides of the
rectangular region T in the counterclockwise direction. Thus the distance
between two points in the physical plane is the difference between the
line integral from the point G in the T-plane (origin in the physical
plane) to each of the points in question. If all distances are non-
dimensionalized by the nozzle width the solution can be obtained using
the known plate and nozzle angles and the four following input parameters:
k, 6
T
/6 R , rjp/K
1
. and 5»/K. These parameters all have values ranging
between zero and one, but no representative values were given in Ref. 3.
Upon direct communication with the Lewis Research Center it was learned




IV. C OMPUTER ANALYSIS
Using the working formulas in the appendixes of Refs . 3 and 4, two
computer programs were written. The first program calculated the plate
height and width and nozzle height and spacing for a given set of input
parameters. The second program was merely a variation and extension of
the first. For a given set of input parameters and experimental data the
second program plotted the theoretical flow field, the pressure coeffici-
ents on the ground and plate and the velocity profile in the nozzles along
with the data points. A copy of the second program follows Appendix A.
The plate and nozzle angles were read from data cards. In the second
program the input parameters were also read from cards, but in the first
program the parameters were initialized and iterated in steps of one
tenth. The complete elliptic integral of the first kind, the complimentary
modulus and the complimentary integral were all calculated from k. The
various quantities and functions were then evaluated as indicated in the
program.
The modified equation for § is equation (2) of this thesis. TheG
modified equation for is
® (i) (^)
=f - a + Q^^T!) +|Q^i) (T1 ) +^Qf ) (r1 ) 1-3,4 (4)
These modifications provide for solutions with the nozzles tilted. The
Q 's are angles defined in Ref. 4. It should be pointed out that Q
must be taken as a negative angle in the third or fourth quadrant, while
(4)
Q must be taken as a positive angle in the first or second quadrant.
The height and width of the plate were calculated directly by inte-
gration. The no:.zle spacing was found by first locating the poir, B at
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the end of the plate and then adding to that the horizontal separation of
the points B and C. The nozzle height was found similarly by adding the
vertical separation of the points D and E to the width of the flow to the
right
.
At this point the values calculated were printed out. In the first
program the parameters were iterated here and a new configuration was
calculated. In the second program plotting was begun at this point.
The data points were plotted first and then the theoretical free
streamlines were plotted. A similar procedure was followed for the
pressure coefficients and the nozzle exit velocity. The velocity was
made negative to fix the direction downward, so that the plotted profile
was as if it were being viewed from in front of the aircraft.
All integrations were performed by the Gauss nine-point quadrature
formula. When infinite series were specified only the first five terms
were taken. In the working formulas presented in Ref. 3 quite often
square roots and odd powers were taken of the negatives of numbers. On
the intervals indicated this would be quite proper since the numbers
would be negative values before having the sign changed. Since the
programs were to be used to find possible combinations of the input
parameters, quite often, if the parameters were wrong, the result would
be an attempt to take the logarithm or square root of a negative number.
To prevent the computer from ending the calculation with error messages,
absolute values were taken of all functions under radicals. This was
equivalent to the operation intended in the original notation, but
avoided the problems in calculation.
In the first program statements were included in all the functions
to notify the operator if a denominator was zero. The second program
17

has retained the check on the denominator and sets the function to a
nominal value of one thousand in the event the denominators are very
small. This is intended only to avoid underflow errors at the limits of
the integration; no notification is given to the operator in this case.
The second program is therefore intended to be used only with combinations




A model of a V/STOL aircraft using two-dimensional slot jets in an
inviscid, incompressible fluid was required to verify the theoretical
results. The test apparatus was designed to approximate these conditions
as closely as possible.
Air at low pressure was used to represent the incompressible, inviscid
fluid. The two-dimensional slot jets were produced by two rectangular
nozzles with a cross -sectional width to length ratio of four to one. By
confining all measurements to a plane through the centers of the two
nozzles, end effects could be ignored.
To avoid entrainment problems the theory required that the nozzle
half-spacing and height be only a few jet widths. This condition
suggested the use of a large nozzle width so that there would be enough
room to probe the flow field beneath and between the nozzles. Also to
permit a significant number of data points for plates with half widths
as small as one fourth of a jet width, a large nozzle width was required.
The test apparatus was designed with nozzles two inches wide.
Even with low nozzle exit velocities a larg ; flow rate was necessary
to supply the system. Thus, the nozzles were connected to the laboratory
turbine compressor. Each nozzle was attached to the air supply through a
flow straightening, diffuser chamber. Rotameters preceded these chambers
in the air lines. Thus, air flow conditions could be monitored easily
throughout the test period. As air entered the diffuser chamber it was
deflected by three layers of wire screen. The air then passed through a
layer of honeycomb material into the nozzle, thus producing a uniform
velocity distribution throughout the nozzle.
19





Laboratory model of V/STOL aircraft using










The flow straightening sections also served as a mounting for the
nozzles. If desired, the nozzle shape and size could be changed quite
easily
.
A mounting arrangement was designed to not only allow the nozzles to
be moved vertically and horizontally but also to be rotated in the vertical
plane, thereby representing a tilted jet configuration. This freedom of
movement was accomplished by connecting the flow straightening section to
a vertical rod through a swivel which could be locked at any angle. The
vertical rod passed freely through a metal block, and it too could be
locked in any position. The block moved horizontally along parallel bars
and could be held firmly in position with a set screw. The parallel bars
were mounted in a rigid framework which was supported by four legs.
Directly underneath the framework and the nozzles was a large plexi-
glass plate which represented the ground. Smaller plates representing
fuselages of various sizes and shapes were made to be interchangeable on
a bracket which was suspended from the framework between the nozzles.
The vertical position of the plate bracket was varied with a threaded
traverse. The ground plate and the fuselage plates contained a row of
pressure taps across the center section. For future studies with smaller
nozzles and higher velocities, significant pressure measurements would be
made possible, but for these low velocity tests the primary measurements
were made with a hot-wire anemometer.
To support the hot-wire probe a traversing mechanism was mounted on
the apparatus. The mechanism allowed the probe to be held at a constant
















A list of plate heights and widths and nozzle heights and spacings
for which the corresponding input parameters were known was compiled.
From this list a few representative configurations were chosen for
experimental verification.
The plate size, height and angle and nozzle spacing, height and angle
were all set and recorded. The compressor was then started and an equal
air flow was routed to each nozzle through the flow meters. A straight
hot-wire probe was placed under one edge of one of the nozzles. The
voltage and location was recorded. Then by following the motion of a
fine thread placed in the flow field, the probe was moved horizontally
in convenient intervals and then moved vertically until the same voltage
was again observed. Since only velocity magnitudes were of interest, the
probe was always rotated to obtain a maximum reading. By following this
procedure from both sides of a nozzle and from the edge of the upper plate
the coordinates of the lines of constant voltage (free streamlines) could
be recorded.
The probe was then moved as close to the upper plate as possible and
oriented to read the velocity in the direction of the plate. By moving
the probe- in convenient intervals along the plate the velocity distri-
bution along the plate couM be recorded. Similarily the probe was moved
along the lower plate and the voltage and horizontal position were
recorded
.
This procedure was followed with each configuration. Tests were run
with Reynolds numbers varying from 1600 to 7000. Simultaneously pressure
measurements were made using a micromanometer capable of indicating
23

pressures as low as .001 inches of water. The pressure and location were
recorded for comparison with the hot-wire data.
The data collected in this manner was sufficient to plot the free
streamlines of the flow field, the nozzle exit velocity profile and the
pressure coefficient along the plate and ground. The input parameters for
each configuration were read into the program along with the experimental
data. The experimental results for each configuration were then plotted




The results of the experiments are presented in the following pages.
Table I is a list of some of the input parameters for which the corres-
ponding configurations were found.
Figures 8-1 through 12-1 are typical free streamline plots for various
configurations. Hot-wire data points are represented by triangles. The
coordinates are nondimensionalized with the nozzle width.
The pressure co Cficient along the ground is shown in Figures 8-2
to 12-2. Only the abscissa is nondimensionalized. The pluses represent
data points calculated from manometer readings.
The pressure coefficient on the plate is shown in Figures 8-3 through
12-3. Again, only the absciss, is nondimensionalized.
Figures 8-4 through 12-4 are the plots of the nozzle exit velocity
profile. The velocity is nondimensionalized with respect to the maximum
velocity recorded for that test. The abscissa is one nozzle width in
length. The velocity is plotted negatively so that the plot represents
the actual direction of the flow.




























































6 .1 90 .551 .886 .798 1.61
9 .4 90 1.12 1.34 1.29 1.57
9 .5 90 .594 1.34 .769 x.58
7 .3 90 .692 .966 1.01 1.48
6 .2 90 .559 .860 .725 1.43
7 .5 90 .405 .772 .775 1.35
9 .5 90 .593 1.23 .741 1.37
7 .4 90 .576 .874 .826 1.26
7 .7 90 .309 .449 .719 1.05
7 .2 90 .802 1.00 .962 1.27
7 .3 90 .646 .879 .760 1.07
8 .4 90 .698 .917 .696 1.04
7 .4 90 10 .547 .722 .824 1.26
7 .3 90 10 .687 .787 .831 1.07
7 .2 60 .478 .770 .736 1.53
7 .1 60 .502 .827 .601 1.36
9 .5 60 10 .422 .863 .460 1.40
7 .2 60 10 .441 .617 .527 1.12
9 .2 45 .879 .715 .747 1.63
9 .4 45 .851 .520 .718 1.27
TABLE I
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Tufts of yarn across nozzle exit
FIGURE 13
^^.,^ .^~ T_.^ ;___..- ...
-^
iMMMMHxe miasm?: WB£ . : 'r.tT;";l





VIII. DISCUSSION OF RESULTS
Many combinations of the input parameters produced impossible con-
figurations (negative plate heights, etc.)- In fact there were far more
extraneous solutions than useful ones. There were no combinations found
which produced a configuration wi h the nozzle exit lower than the plate.
Very few reasonable configurations resulted from the maximum or minimum
values for the parameters
.
Most of the configurations of interest were found to have input
parameters in the following ranges
:






•6 < Tip/K' < .9
•1 < ?A/K< .9
There were possible configurations outside of these ranges, but most of
them had extremely small plate widths. Variation of any one input
parameter was not found to change any single physical parameter.
Decreasing the plate angle had a tendency to decrease the plate width
and increase the plate height. Tilting the nozzles caused an increase in
plate and nozzle height but decreased plate width and nozzle spacing for
a given set of abstract input parameters. Neither of these variations had
any outstanding effect on the theoretical pressure coefficients.
The experimental data for the streamlines agree quite well with the
theoretical plot. The data points between the plate and nozzle often
seem to follow a different streamline than the theory. This is a result
of the fact that the test plates were of finite thickness, while the
48

theoretical plates were infinitely thin. Figure 9-1 shows entrainment
effects for very high nozzle positions. In some cases the theoretical
plot can be very impractical. Notice in Figure 11-1 that the streamline
from the edge of the plate turns and passes through the plate.
In most cases the theoretical pressure coefficients along the ground
and plate were quite close to the actual situation. The micromanometer
data points are somewhat questionable. The pressures were extremely low
even for the instrument which was used. The theoretical coefficient is
assumed to approach zero after the last point plotted, as the measurements
indicate
.
The nozzle exit velocity profiles for very low velocities were
approximately the same shape as those from the theory, but as the exit
velocities become higher the profile becomes much flatter. In all cases
it should be remembered that the velocity data points are normalized with
the maximum velocity for that particular test. In most cases this maximum
velocity was found to be near the ground two or three nozzle widths from
the high pressure region beneath the fuselage and nozzle exit. Hence, the
data points tend to be displaced from the theoretical profile which assumes
that the maximum velocity is reached at the edges of the nozzle exit. In
all cases the profile was somewhat affected by the presence of the wall of
the nozzle.
The motion of the tufts of yarn placed in the nozzle exit (Figure 13)
show the manner in which the flow divides to the left and right of the
nozzle. The strips of paper attached to the nozzle exit and ground plate
in Figure 14 show the stream of flow away from the nozzle an the upward
air currents under the fuselage.
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IX . CONC LUSIONS
The experiments have not only verified the theory, but have also
pointed out its limitations. The analytical results were quite accurate
for nozzles very close to the plate and the ground. As the nozzles were
moved higher the effects of entrainment became more noticeable. The
pressure distribution along the ground was not as uniform as that pre-
dicted by the analysis.
The greatest limitation on the theory, however, is not the restricted
nozzle positions, but the fact that the analytical solution depends upon
four parameters in an abstract plane. Since there is no direct connection
between any one of these pai'ameters and the physical parameters of plate
height and width and nozzle height and spacing, the theoretical results
are only possible after an iteration process to find the proper input





The theoretical solution could possibly be extended to include other
fuselage shapes. However, perhaps a more practical approach would be to
develop analytical solutions in terms of physical parameters. A solution
of this type would be a useful tool to the aircraft designer.
Further tests should be carried out with higher nozzle exit velocities
to determine the effects of extremely turbulent flow underneath the air-
craft. Also of interest would be the effect of crosswinds on the flow and
the pressure distribution.
Reference 1 mentions the use of a special takeoff grating to virtually
eliminate entrainment effects on aircraft using a single central jet
exhaust. No information was available concerning the effects of such a
grating on multi-jet configurations. Tests of a takeoff grating mounted
on the existing apparatus would be of interest to determine the resulting
changes in ground effect.
There were no reasons given for restricting 6,/& D to values less thanL K
one. Obviously there must be solutions for nozzle exits lower than the
plate height. If the equations can be satisfied by values of 6,/& DL is.




To obtain analytical solutions for the flow field beneath a V/STOL
aircraft Siegel and Goldstein [Ref. 3] considered a simplified two-
dimensional model of the flow. The following is a condensation of their
analysis .
The aircraft under consideration has a fan pod or jet exhaust in each
wing. As the two jets strike the ground they divide into flows to the
left and right. The colliding flows beneath the aircraft rise and
strike the fuselage. The bottom of the fuselage is represented by a
flat plate which can be at an angle with the ground. Because of symmetry
only half of the flow field is considered.
The flow is assumed to be incompressible, inviscid, irrotational
,
isothermal and steady. The velocity at the nozzle exit is taken to be
perpendicular to the exit plane. The surrounding fluid is at rest and
entrapment is ignored. If the nozzle exits are within a few jet widths
of each other and of the ground, the inviscid solution with no
entrap-
ment is a reasonable approximation of the actual flow conditions.
With
these restrictions the flow has been reduced to a free streamline
prob-
lem with constant pressure surroundings.
Figure Al-1 shows the physical boundaries of the flow field.
Defining
the complex conjugate velocity as
C = u
- iv <A1 >
and the complex potential as
W = $ + if (A2)
the flow regions in the hodograph and complex potential
planes are shown









FIGURE Al-2 Hodograph plane
FIGURE Al-3 Complex potential plane
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The solution in the physical plane is obtained by performing the
integration
z = / — ciW + constant (A3)
In order to perform this integration Q and W must be expressed in
terms of the same variables. This is accomplished by mapping the
rectangular region T of the T-plane onto the Q and W planes.













The Omega functions are defined in Ref. 4 to be
Q(T;§ ,k) = —j- —
-FT (A5)
6Sm <t+V2k>I§-)




9, (z|t) = 1 + 2 E (-l) n e im cos 2nz (A6)
n=l
The relationship between §. , £, and § must satisfy the requirementAG H
that on the plate the argument of £(T) must equal the direction along the
plate. By using the formulas for the arguments of the Omega functions
presented in Ref. 4 it can be shown that
By applying a Schw..:rz-Christof fe 1 transformation the upper half of
an intermediate t-plane (not illustrated) is mapped onto the complex
potential plane. A second transformation maps the T-plane onto the
upper half of the t-plane. By eliminating t between these two trans-








- *> dn T
dT "'
lA
(1 + k sn T) [l-dn(TU,k ! ) sn T]
(A8)
r
where A is a constant.
Using partial fractions, integrating equation (A8) and applying the
condition that the flow through the nozzle exit is equal to the differ-
ence in the stream function across the exit, the value of A can be found
in terms of the average nozzle exit velocity.
Noting that the flow to the left beneath the nozzle is equal to the
change in the imaginary part of the complex potential at F and requiring
the velocity at that point to be the free streamline vc locity we have
k + dn (T]
F





= V k + dn (T]
F
,k') - k (1 + sn §H ) [1
- sn (^.k 1 )] (A9)
Since continuity requires that
6nV + 6 T V = AV T (A10)R o L o I
we can eliminate 6, from equation (A9) and have
Ju
6 R V_ k (1 + sn F ) sn (t^k')R I 3H
A V
o
k + dn OlF




By dividing equation (All) by equation (A9) and rearranging
(All)
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Using this relation the ratio of the average velocity in the nozzle
exit to the free stream velocity is
V
o
1 + V 6 L
Lsn (TiF>




















The pressure coefficient at a point (x
] , y ) is
C =
p<v y{> - p
P 1/2 p V
(A 17)
Using Bernoulli's equation the pressure coefficients on the ground
and on the fuselage are
P,8
c - i - [H-aJQl -k < § < 5p g L V J - *
and (A18)
C . = 1
P.f
[iL-Jg.K^Y <MO] 5a < 5 < K
The flow field is governed by five physical parameters : plate height,
plate width, plate angle, nozzle height and nozzle spacing. Only the
plate angle (3 appears in the solution. Hence the other parameters must
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be found in terms of four parameters in the T-plane. Siege 1 and Goldstein
used k, 6j/6 R , tu/K' and £ A /K as input parameters for a computer program
to plot numc Leal results. All four parameters have values between zero




















Ul< '3 Ouj CL
H-O 51 CO- X
< a: CO »- •
IIJL_ o 3>- »-




am UJ : i - »-
oa DC h-X — m
LLO 3 u. LO i^
_j a h- H-CO 1—
i
rlT) UJ < 3 o X
O h- a Cl<S- r-l mO o < o Zh IL 9-
• • Z n 3 < r-« •• X
cc 13 UJ 3 CO *- h-
UJ OO LL C? ca-- m #*
o a< o O - •»
CC Oh~ I- u_: ^
o _j to Z o OO <
alO tu t-H LU<J tH t-
(S> c>> X o CC. - ID
z f- LL o Q. <a <. -
1—
1
OH- 0>- Z H 1 >- I •»
s JO ol- —
<
HO' _io a. X
o a._j o«—
•
X L1JHH _i r-
_l O- WU z LU GO UJ CD CO < w»
_l h~ LUO —
«
G0Z< * *•
o Zl- Z-J LUZ><t_JCL CL
LL luz »-4LU oa _J<_J X Q
mUJ go _l> zzujmocloo w _J
LU O*-1 z 5: COOOh- M | Zh* *. QX mO <r <Ol-UOO<OLUH-<CD lf\ •
h- U-wH i -i ijjo^ZoiaJZoo •- o ••
U_LLOO cLUJ»-<OOCL OLLUJTT o X
Z LULL„J< \- tvl_J CC O—IO i—
t
Lf\
t-< OUJCLCL oo '5;o:za:oi/) I-'-' LL »»







^DDa: UJ LU^f-SCl— Oo
ooat'iM H-4U.UJI -LUcLUJOI-<T L) OO SZ








































» LLI —.— • -J
LU _J (MOiCMfN.t LL'3ll)
_J h- r-ir-1t~tr~l |-
O
1^ HH •>•>•>•• UJ |0
*-* f——»t-»»-4iH!-» —J'.Ll—
I— HH(\J || || || || Q_
_| ..,_«___<_, SIOLL
.— «.< •>•>•>•> OLU
OUJ- •— <Oh-CD
LU^O-J •-••-'1-4 HH X LJ3
_J t—II— •— «— «_^_- UJ Q.UJUJO0
y~ ^»-<uiuji.uuj _i _iX_j
»-h >— |— I I—l_J O <h-LL<
I— *-2:H-t~K-l— ZUJ IUH-
i^X—' l-MWWH <_l<U-OUJ
<a^oo< r-ooa <roo<i~0'-iuj «- - • — <j- «o—• i— f— i— i
—
oi—o
^t a ooooax oH-olli— ooi-_jao_ir-i <—-*• - » —.—» — »vooMy-is: t— zuj u-ll
»o aoujooo-a. ozoo—iuj—lOcoai—a—«i— sMr\xx scm - kt\ ujjHinw-ww _j<cdoooo
o <i—'ixuj jiCMUj oao>30>-< »-Lnuj etvir- o o _iu-!ww u~»-* 3
ir\co ujQ_or ><<.oa:oo>a> coooi— v}- ccooo •» •» 00—o— 1— coxai-~ ixi-lii-joo
couj>-( aj— oh- a lu o o o o o—iao »-tr-i. -• (\j^-irOrHCDt-<< zoooocmjj i-odmh
OOOCDLLQ »-4 oUJ UJI— o o 0Z i-l U.LL O U-LL HU. <T |—JZ>0 OOOLTiH-LU<f-iLJ|— I—
ZLO ZLUO 0<<S>< 0O OUJ .-^LL- COs|-» Z» mm>tC\!vOt-« O LfMr\LninrHLU-J-J>-<0<I<
H- h2Dl-C< oH-<ZO0c/)O0O0t-<CLlU<«-"—-'—->—X'—— «—'—'-'-' •-<— -€-». r-vfS'ivJCL flKa
O00OO<-Jt— 0<l— •- J,JJUJUJIU(— <_JZI— \— h- 1— I— • I— H- HI— J-KCOv} OOOLr\LOlAin^H<NJ LO
<Z3_icit-jijj'jjq'.o-joh-h-i— i~< Ha<i<x<K<i «-<i<i<r <i <<..;<. ^ z:m+-"~'-~^ oaoLu*-uJUJLu
ooh-2:LLOQ->cQQ r;^««o:wHUjs5-s£2xizr5:i5:jjLUwQQDQ(n<zioiii
< ja >ozzzzcxh h-aaaaar^aaattaa<t<5:LL<r<<i< 11 a i-<HKh-
Z<II— LLLLLLLLtL OO O >-"-4 >-«h-i Ui VTXOOOOO ••OOOOOOUJUJ'-iaUIUJUJUJM 00 ILOOIUOOOOO o rUOQODhQ «-U!LLLLLLLLLL- LLLLLL LLLL LLCli 0"00 CL CC CC CC Q_O •-« 00 C£ 00 00 00
<O0 ©CLO CLCLCLCLZZLU r-» rH Z •"-• <—••—i •—
•
Z ujiuujujuj oujs;>-oooOm<j r-t(\jr<"»r-Q0 inr-oooo -, <i
• <i_ i _j_j_jooco>-< ^oooo t- wi^oohq oi< oa^
llqi— \~\-h-h-ioix oOOoo_i<^ r-(\Jrwi-nm <clh- oq<
ijjz<w-"-im<;;d<








cc *: *-> z
a a o
I- "v.
uj o < c
a; c _<-<M t-t xx
X u. *
l O < <i
I— UJ Z tO K •-<O X t-H z uj X
X t~ ^ O co •
y- — — -«• xM U.I U_ f— h~ U- r, »-H
xt->-X O to uu- ZZ cm x
UJ l/)KH- C£ Z <I 00 to I •>
UJt-H _J •-< 3 |_ #. XX
o uj i-oa: >- <l u. ll uj oijj t-H z:
:z:uj_i oo h- or o^ x to
X>h-M 0_JU_ t-. O UJ O U- 2Ttl^ *
coO<XM wlJJ O U' X H-. o UJUJ ~- c C
Kc£_JO X>UJ OKI- K +> OfvJ O
ZCD.Z t- > _i z ctz a:z z i s:
h-• Oct. uj h-« u_ D. hh O Qm t-n—. lu
Oujujuj aiocZD >00 _J _J K o *O-XXX D^U O ST _J O OUJ -JC\J Ql
h- h-K U-rvl <~ t-t _l UJ UJ Z v^X t-n-v _i
<r z s: t— < < oh- i—< ui
-J^hZZZ OOG OO-a: O Z — O— KCO •-
UJt-H<00>-< UJh- 1-* 2! t-t O CO Z < i£ •• STCOQi UJLUOO-J
xq O t— •—<r\j _i u_i 3 -«
-t «-' OZ ujui -JrorviiuO •> cocooo a:o< x* _j h- _> co o co coo -zd M + rn »•
I— i<f tui— I— t— OZor <# UJ Z Z> -~o O O •> \mQ f^J< I <t
<zzzz>u>hcd 2"— -m o oc in o u. -~u_2: ox i a:
<i_,_.mh<m^ujdm ^a. ujqt o ui_j i -~ < <z u-uiuj za i •*
ujjoco arZ-JO- _i »— ujo s~-~>—< i _i -? h-co zo •• —icos:
co • 2:0-0.0.0. o<—fujto iu»-4t-i eg +cc l uj uj to t- a:<r^o
OttK ^UJO-OCOZ:^ —I »K >--*Q-C3 vOV UJ »-tJJ X -tf-KO o— »-.
coouj<<< »a>to ».k-i-~ clocl cj:#-ouj ho. uj zi o»-"U. ll-h-zco
_ict:»— i— (-o<TL'jtuM_jf\j 5:o»-h <os:h CD-J CC Ol— CO o »• — c?hOI-<< <t bi H- OC X> 21 •*-. OIJ t- OlJJZ UJ X •- 3 2! X DwlJJJ
x -coooo ..-jok -<« ouj-J zs: •»»-• z;;- 1— zuj to uj cz tuo. ujQ tOOO XUJrvl_l »*U UJUJtO O o ODi I NttO -'V.U- ••
LLOU-U_u-U_i>i>ou_>a:>toujco 2. 1 ujuj ujc\j a. ui •-< *-* aco - u
—
io_jOXOOUU O I— I >XUJUJ m Cl.\- s _j jl z X OOO »-«UJ UJ
uj — 2ilu —toro t-oa~ _j^«»-uj zwiiuj h-rvcou. _im— o^ai
O ororcx:ar030UJO if— -~lu o.w _j mq. ^ _i .^—2: u_ o 1 O oZw
i-M— UJUJLUIJJO£l<Q-OUJ^ HWHJ £hHa I CO^<tUJCO-^ U-O O SKI <S>S.-4 <.CD
1— rococo cocQr-*HHf- ooo ujx uj_jq_ Da:_i5: o^o< -j>ujo-j u. t cr> -»-q:^
<r «"2:s:5:s: »-x_i_j -a:>-Oi— ujs. ooujocoujclcoi-co^i— oujo zcozcct-co co +01—
o:iADDDDin<owtpiu.^w<(jow ooouluzx ujr^HH<s:-5zz2^zooccar-C'0 dco_jujc?
wZZZ<J«'i> — «^uj_j ouiiu 11 cc*~*iu<x 11 ox_JUj <i/>qo rvi>^- coo:cocouji—
luo o ujouj 11 1— I3-J q:iq—iuj 11 u. 11 i-u_ 11 o 11 _j 11 11 iiujin h z_j 11 c\jhz_i
X<ujujuiuj<r.uJU'X<X_i'-<0—)uj 11 i-0-JiauJOuj<M<o^-i auni 1 iojuiHinonj
hUJiIXlLUIX>IUh-UlQC-J<I_l Kf-JQJ: I— X»-<_Jo<U-2r^:^l— I ZUJ<XmX I »-. <I
Ct. H J— I— I— or I— H- o: >2<Oh UJCOUJ<_J LLI COCOUJ X<TcOOZtOOO 1 CO O X I XCOOO COvJ CO C) CO I HH
•- • 3E.
u. xz h x 021 o
Z ZCjT O m ho »-i
CO OUJ U- X XUJ CO
CO to CO (_J t—
«
CO CO t-H co
•—
«
CO CO cO CO COCOhh t—
<
CO t~1 t-H t-H
t—<»—IMK
<
t—it— 1 1—1 t—
«
0. u. U-
^ Q. _J _J a a. c» <I < _l
t—
<
cooa> X^'_l CO LU _J 5; _j 2: K t-H UJ
X ^^ii^: >>co > O UJ IU UI CO IU X -3
59

0. •> <t ••
t- U. H <
<r z uj h-
i— o cu Ul
LU CO




— U. X h- <U Z Ui K




1 O X —
I
LU o
C (—4 ^ X _j 1—4H X X •* rvj X
«-< •» l-H < tvl »•





»- X Z 1—4
X X X X »" X
z h- »<• Z X o«~ »•





1—1 •* X h-X 1—1
- 3 X o »• _IC\ XH •* O X —« i »
«— UJ X s; z h-< X
* _j z UJ l/> »• z
o nj 00 •» *- ct;_J 00
o M »» Q. o OUJ •»
s: O o _i coo U. •> o
I




U- X UJ 00 _) in UJ •• —
.
r\iui
5TH z 1— • COU)
• a mC?U < in •> o
U-JX Ot- 1—4 C (NJ •• i s: U_> h- Z 1 a»
•N-O + LL 3E _l h- LOrH 1 00 MOOD UJ o i s: o
— 1—4 ouj IJJ X 1 a: zr\J * o -z XO >-< ( 00 z
O'CrT O-J O •* O 1 * OH-J OK »-z: f— 0^ •> <TO 2: XLUCO—I t—i I a t-«<UJ s:^ "^•1—4 K-4<_J
-JUJ UJIJJ 1— f-JrotL) LU m> t~ wXCO ZO 00 ijli UlOX «-I Oh-<C\1 •• X <o X ~z<t 4K -•< oz
"vf- V.I- M_JtnH 1—
(
H- oocyi- COOOO ooc (XOcr, 00
o u_ S< l al UJ ZCC\ O Olil co>-ih_ M oo UJH 1—HO zo Z 1 •* h- o - i—
<
CO c x NXZ -J U.I z
+ H- 00 h- oo » c < UJO. 3- t-o lf\ »•—
4
OUJ JOI 1—4
U_ # ZMvO> ll—
1
i X •—1 1
—
Ul00< i <o 1 -J MZO o o
ZS. -~3 <oo<0 o_CLh-o UlCZ — -JCC - I mQ. COM rvlO< c cc
COO xo z t—» ^OOH 1- V.t-4 <NmX 1 X XM OO H-H
-'—i Z_J 1— UJZcO _JC£C£CO <oro KMU U. h- -u- •* O ZUJI.JJ LL h2





+ O 1-4 UJ< ZQlLLJ cc —CDZU. »• h- C -J »- 00V.O
t—
(
c*:uj oUJ hO l-H oo1 IJJ Ouj<'-' OC z\az ^UJ <U-C Z(\I5~C
a. ox HI uizllx -*s UL • -irriH O0_J _J ocoo 3TI oo_j Oinui
V.
_it_ «-"»- IOC1 » 00 U:". ^ <uji—ujo<ouj UJ »-i-i UJH- i-i UJ H | •)*-U.
cc o # z o ZK- t—i z# ODOhZ *• LLI— » l-O ts V~ 1 C\JO
•><- \u_ DU- UJ £Jl»"H UJGUX uouj-'•^ ^<C o 2:<a< c\nj.uaz o < 1 K-
a. oO OO omzx ata<sJl— »—
i
ui-ZQoa:o Oh-ctr wOXLU<0 a:a^ -»*- 1—oO H 2T &<zal<i -•s:< oo s<i»-iiCMcD-< CUK •«• co>o;»- <<cx>
co s: + x ujIDJ<o:co outn;o--Z IJJO00X MLI IU-« LL-«-^Cl cu. x oo c OOUI
CO UJ o\~ *H* UJ 00^ z#oo-a:uj ;(• oif + a:\— o^a; <}-UJ00O-J 1 UJUUO^--UJ0O ~5L*-*>-
C\|C0<—acoHOcoooc£oooou-ii~ OS. UJ|— is:iJQQOZh- ujh- oooo5T<OXI— \~ acmzujuj l
moD >v>aj«- l-Hcx)>i-<QZ>uji— C? ZUJ^-OhHI- (U CO..Xi-iC2f< a: ii rsjLuxc0h-2C3f - Of 1 xc
C\J ^C\J II j^CNJ'-'S—lU-O^ 1 Z CO I ox> x <<UJLnil X 1-4 <LULU II o
zmn f—
<
mo u\> o zi-l_J UJ || »-t_J I>-z II CO II noujjaa: hi i ouj ii o jii OUJ iiM » II > 1 >m i it uj ii o< —1--IC i _j<roOXQOZIJJ
1
1 <J-UJt- i xzuziujah-u. >-xo
1 i. t mx 1 aX-lZh- O0<c£l— O_00<|— 2! a coco'-'i-<<icoi-x I toaZMi<rj ollih-z
s: i ui</) 1 >h- 1 QI-Qm/)H'O > HOU XOX>-X O "X 1—00OX XXh-o<^> >- >-
CO i—
i
co <\i h-n HOO HI/) y •-4O0 f-f O *-<r-i 00 —1 Hi-iO 00




i—i O- > X < O C\J 1—4 oo
z >z z >:~>u: 1 o e? o Q 2X xzrcMo 3: >o o
2.CJ »—
1
u» afO _J t_; ••— 1 C i—
i
c CO OU. ro coar 2 OlU LU Ul z

















ft X •» l-H
m < t-t m
tn x » in
•> » T* —









00 »- t~H X *- X XO Ul cm X *. nj >—
1
l-H
z _J • » X •< X X
>- M o X z O •» r-
•» (vi »* Z 00 •^ X X
<_) O o OO »• o CO z z
z z •* •» o •» CO o^ 00X n Q a n cv •h •»
*• X i—
t
O s: r-4 in o O
o o P« 5" Ul •* I o o
Q- z Q UJ •* C I s: 5!
> 1—1 f-H #• 00O r-l l LU IJJ
-< »• a cos: • o »» »•Oh a UJ s: CMOO tLI K < O a
0l< x -J 00 m »• -J »—
i







UJ o •« •»
^CT oc. <H- LU i - H- LU _J —IhQ o 1— •-« •» Hvf M UJ Ul LU
xo: LL < - 4" -«|- •« _J s: • •*
•-LL O-J (- < - — _J M o ro m
*: 00 UJ •* X -5 LU M cc 1- »-.t-
<COO UJ srco X *-*zo t—4*-" CD O Li. »• Cl •>
(-UJ \- o< UJ <_> aar<t Q-> < z X ^X
o < UJl— < —a:_) H LL < V.LU »- ^ » -J UJ o ore)X < ~z -JUL •• < OJ •- CC > o:— 00 •- IJJ o <r V <
h- • a CCZ —^i—
«
— ITvtO _l X *-OLL. K- -Ji-lU O X — •• 7C -
z _j o>-< —o >-o0 »-UJ CL ai u_ S ZCO SI—
-
•^co y- < LU COIU UJIU
—l—» <t
-JO XX »-UJ«-«Z z CD LUO LUX— (M X z COQ «->-
o< oa ~o -~Z -H-. o »—
i
•* *OQ- -H- LLLU •> o O- HH nj » (NJ
O-X •» o ^«o -3 »-.>-_] z _i O- r\iui_) cvJ<<Z>- z —1 _l in< p- <
Q. < oo -jo w_J ^S —
1
s: -J MO0LU *h- h— i—i •» —
<
<I s; l t- «»-
U__f H- o<^ •— XXX< ^ < I LI •)*• •X-IUIU_JX 3: —
»
< » uj O.LU
o< LU s; wxo < »-UJi~4< LU •s Q-LL< a. i s: » < 00 UJ I - o -
—
'
CD lulu*: z < c—Uioo<XO(X or.co<r LJLJH- a— CL<lO (X LJ C£OU^ o ^: o
h-Z- z »-~H-iiMMoa:^i-OQ 1— r—41
—
X LU Slt^—JiurM r^O CJ 1— r\j<o UJO
x»-<m—
—
K-.Mi-IOMSSHt-'-'W c 00 •-IU UJO~- LU Is- LU or. «-- CO + 00 r x-- + -~
cjjoocmcyiccho—j ii rH>~<— ~r~t003E + cc DOQ rW—
'
t ZO-- + r~-«h3H0C — (flZU —
o
i_t I »- »-s: ~5 r-l _JT-> •- <UlU.O oO-COcQU II 0-»0<Cho:0 -+ W<\OUOHDU- II OCI>-Np
ujqvO-jj^Os0< •-<w^'vOuja:uj<u-o>-x>-o-?oct.cDa:i— *-cOs0< qc:clllz^-'^o~,5iui— ai—
-i—
IZ^ — UJ-unZX>-<-*UJOQrH- II II II n t- xuo«>->*i-ooj x>x>- a «-xo
>-unuLuuJa:o^O M II uioi U-Uioo- • oooo<t h ui X II uiuuz uioo n u n u oocm— <. n
Ul II H-h-t—J-t-rHO--t— -~h-U-_i II IUOOCT>OUJO->_JX— (— _ICL— h- II •-«—I II Ul —»—ujcooo_jx~_j
KJmihmhi/) <00-3~>t-< _JCD<IH-C\1C\J^^-«|—
_J0 OZ-J —I —3 '—i -c/ h
-
)<H-i-lr-)i\I(\JH- a.—IO.-J—I
h~z or ex or c£ ouJZw«o:o<zi-<^'-^*'<o<ij-H<<wa:i-i-<i-<>-'«'-*'<ow<iJ^<
>Xjr230C:aililX>-3Z0HUJZX>X>-ZQO<lX O >-5!tUQUUJZX>X>-ZDU.U<XO
O0 ZSZ •—• I— «—
<







l-H »-lf— 3 o o »—
»
o>o. o o OO
o o o^ o. fY Ol U> QC cc t-H
<_> < z HU jr o O >- 35 o o
z UJ CJ _l a o o LL O o o UJ








— < < —
I- h- H r-
(S) Ul L1J OO
< ». <r







-» —. uj r-<
h- |— CO ££
00 1/7 •• *"*
< <. U- 00
_J _J Z CO
o <
rH rH " #
CO —
it, in O
in" < < ia in m 3> J-hmxx in cm N tf h *
; * * * O X a
cm I I cm cm cm _ -J
_»_<_< .. »• lu x luc\ixx c\j o o X -< -». •• •» KX_J
o x x o o o _ j; uj
•» Z o •* »• O X
o oo t/> Z m m Z Z ODO- O o O oo >-•
O O o O Z Zoa r~i a: d c - ^ < °
s: 5: . co Or-i dh a --.
ujijj « co <X. - nr. *• i— s: x
„ ,_i co in com com Z uj -*OO CMX-I _J LU rH
5: s: lu in h- Luh~ lui— »~< o. or.
j ( _J IH IH O -J —
I tOCO hh l-H- "-< LU 00
* I >Z * * U_ CC4-^0 CO - CO »• LL _l <O <-~_J ZJD — Z_l LU uj —
"ZL CM< OLUZ CM OUi O *• t~
_iZ> z*- _icoZ3 /i.-~_ico o rH «r
uj u
_i o 00 00
1— »- *•
t~, a: _) _J
H- O LU LU
LL
00
ujo o-x-h- <i<ro <!^« a: o— —
a:J co l- X ~X *- coa: lu-Z ~ -J or -J* -J lu 00- o
*> <r <t o ao #->- <co o-uj ->f- -co 00-1- - oc a. * cv a.
ZL * _j z < •*»< — -J >--!•-« — ZiO O >C0ZCM 3 >- r-*~^ o
a_ ~t h-, - c£ 0l— -CO r- CQOOO COUi -CO < — O.L1J - 00 CO 0-hh<
"^-5 ujo o x •}=->- v^-j oz _) *v»-« a.f-'r-HZ lu ^o^rM 00 *- "^ai- —
5:— o cc u- sa 5:- -a o o~u- uu»o x o -o iu co a -lu -5
lux eg O co Luco lux m_i > ujimll wOj <---«0 Qi - ^ <x, cD "Z
« - uj o •>*•>* »< * Z-k-uj —llo_< — LU^LLcv Q- s:_j^ X
CM< Z> O < c\j< CM< cLL> ~ nh^ o ^LLO ^ J^^Hl 5 ^^ « Z
^pl nl_ » >_ ^h- *HOD -< -7 UNO -UJ -<^^ ^ -LU _l X * ,** /N1^
^•UICO-JX LU LU ^-UJ ^,UCM XH- w LU> NXOXhHw ofOXOX < OJ-CXIX
a. ^^ z a. cl >x.Lu -<cox co i uj-* o *<i -xcm o - o co olu—£
o-«^<o -mo o U o u-.u-.*:oo* c^ cxjcx-j;-— cocJr^ v.a^-~ rH ^o^ =*-, r-J-4* r~
5:f-Q.ujr>jo-Jc\io ^o s.i^<iH-.rNj
—
^>4;-dz>olu^ ii mow.-* h-c\jx uJXQ-_>r-
ujh.-Jcr*wCNjZ w iu— uJr-»--i—ui^o—»-*oo I ^awiuyo^Ho;- UJ -; * ^ • ^
I
[w UJ|—>v<mo +0 I Is- uJ z. 3 a: ii h-ow
k
oo ohD2q:^.'-( ^^'-,d> cXr-<co S-xu. or-
—O +00<U-LU II O—UO>-U -+<<^-3rH—0_IUJr-« -00<Z» rH— II -O0< O II 0>
(XZ>o< c/<or-5H-a:zi-aiZsO<.Lucii3 -xoooi u -ooooioo -x— vooooi ui-31--£ZvO vr<Oi~5H-Ci:ZI-aiZsO<lLU XUUK. «i nUO-jcxu) 'A,"^»i "-< 'r~ywhoohr- o -xc? ->-— i~cr:o 1 (Mm ,j>a~-—iuowcmo m i^—luqoi a
1 ilium;- mooo> < 11 < 11 lulu h- h-O— n m— -iiua: mo—— ^iua: ^-H-Lr-
c-k H --_j 11 r--ii—-JX-i- 11 wjDHD-.>w!ii-r-a.ja:-d 9^^t_a -! :tf^ v0^




-y L_ crk i_4 7 1—
4
r— rH r-HrH r-« M ^ H OO
0>a D Or- -< -< CMr- -< OM- J
CO Q. h-r- O 00 Or- O Or- Q-
jf; ^ o < *— O HO < <J"0 2-00 ._i m a. _i lu _i Q





























-~ UJ CD — —
h- h- CO < h- h-
OO CO •}{• CO CO
< < LL —
»
< <
-J -I Z — -J _J
• »- o — •- •>




•> •- O O Q. •• •-
in LT\ < kh «. Ln >- LO
••
•• _j x o_ •» y— -
in in i u »- _j m w in » uj
•» »- c/) < UJ •• O * UJ tD •>
fM (M D h • c\i Ooj_Ji-<_j
•*
•> U_ X _j .- _j •> Kl x uj
f\j C\! • UJ y CM UJ (\) SJ »
•> • • ui x •- uj • > •> o < oO X •-< O uo O Z »-.,_.
UJ •* (— X kh <»- 51 XXO O X JQ < in ILI *>
<1 UJ » O X »• UJ •• UJ *• X X *-<
_j Oco z z -» com cc cm h- •-» x
UJ < o O CO X Z>o H-J c X "
CO CO _J •» _i •> w- U-»- COCO '."* *• sj-
co 3 ujm <x o r-4 ro > h-oj xoi
cm U- co o O cc ui c lu^ |-* c Z —
in D f— S" »- X •• lU-~ X •- UJ CO CO
l _jui u. uj z uj co k uj cccm ujuj _i •• co
I COX J UJ CD _j LL& _J -« Q <
I >t- UJh- h-i CL < Oh- *- UJh- U. Q -*
m^ X»-h O _l «~ 2:1-* O— —Ih-i O 51 t—
<—o h-h- h-i lu (_ ot~ t— a. nh cc ui a:MZ _i u- cc _j-Jh- _i ms a c?—
z-k- o o •• u_ _i a-—> < «-i-h >-co o •* a. oo"-<
o«-j zj uj uj com _jx h-*v z:_j >- -j *a
UJ—< OUJ O • & Cl. — h-UJU.1 l-t— UJ h- I.U — *<v —
•
O. _JCD O •-< —^. ~5^CQ ON UJlB m •...!< -7
>-_ih- <<r oi »-(<i — uj<iu o-); x< o —i ah-o —
cDto^r — _j uj o-h- ll -<_)_) —i
-m — f— t o uj iLia: uj
V.UJ
-)h~ 0£ Q. m ai a O «-M UJlvJ-5 •- _l »• Q.CD< z
o— •-• —z:m z> >- ao-co o mC'nj >>«— zin lu >j- —i^s >
ujcvio u.ai »• co o v^_j^ u. ^o I- i ujhh ». > oC uj*- z: •-
z-k-i-H ann co •-( d-uj-w- —» u-nz _i ujcviz ^-i *t-t *•• s —
t-«*U. OO UJ CD O ••}.'• -> UJ »- O _J-fi>UJ -J XO-—I—o —>
U. NJII t-t-4U_ cC •• 5_l—>. <— cOliZ > M> »-_IUJ <t Uj*^UJ—-O <—
UJ>ILif\l— U.CX CL LULU—NXOUO.H Ml *-<2^ O *-0- -t~* XO I O «• ~>U O t-H x »-v-c-*; fcCM O —> 0_J~5U-> »-h MOiaZCMO^—'UJ -J X Qla>HMJJ ^<T -} ZO-*0 •• h XSThh *»o »-<
>-« <xox < » o^-i ^<x— arxh- w >xcv:x uj ujxo.h.- x
(— ^-UJI— O •> O < 5IXO.I— O «-<>X U.^ CL OCT CO_J>(- »--Jh--5
0"-H|--fXUJ^ CL HO" IJJ »-_JUI— *-HC0<5O^l oLJ^— > OOOJIUZmUJU-' o—
+ uj(\i »— c\io_JDrviQUJi^ t— r>ix -jt- »-4Uji>>(h-xcor\j ••—-c\i —-o>^ ujcmcm | ujx »-uJUJor^-
OCtTwUJ^O'V.OOOO I r-ICr'w LU *w SIX • I r>~ I IUwVhOSG t r-lh-— X »-Lo>_^-^_jct:^-^if^-
mDSq; II ,~|.~._l>C0 OHD3 Qi^HCQ LU~-_J Cl>_ia:2|— II nH— i-i Hm3 H- r-( I CQOCsl UJt-t>N..h-
XCO<t-<~3r-4-5UJ'-'U.!r-« »-C0< OHO -Jfr-tLUr-l »-LUCl< t-H~5r-|-5 h- »-0< II I CM QC »~0 I _l •«
^-coois ^>-a: ii soooc£ uj~3h- arct: •• h o*~ o:o »»^< h ooa: ijj-j i h- o ii < n ujso
I LUO I rOLOX wa.-wUJQ<X Of I I <-.^ + U)QO'4-U1Xq:-»'JOJI mOH-M> + ~
'-'a: h-O^- IUU II -OLLIQl »-«h-0 II II H-(-5LUt-iX -JO" II ~>UJIU lilh- CJ^< II ~i Xh- -Jt-nLU
xajOHQ-i<tujw|~ajx lt\_i -><x^h~xi~_jai^iQ— lu—h->_J I -4- -J—--^ m-xk
II JX <I-Oh-t III i-i _J II O -J— ~>\- »-LL hh || _J> <-)HJ.]« _J II O Z_J~3UJ>-'OUJ || t-i
»-«0<r ouJ" uii"aao< |-,ZD<CL:-iUMaat-'c5< r.uu-!-za'.iD<i-.zoa<«-zxuzi-< o'XZOOQt^XWN OXZUXmDo »>:NX03:XZU^QC . >3IZUXmOIUUX>-J>X.'
I—






h- u. r-no z:















































•4h- r> C) >
LfM— Q Ch a 1—1
O •a UJ -:Q s: X
_J UJ z _l o X t—
1





































































































































*-i —x CD X O^*'
oOl*? l^^O *>*. Z2T00OI—
2:0 OQ.VQ oZ<a 1 coccx
ujco </>x o + fNJoi— rr v o 1 a*
M II X^-UJf-K II II 11 I- ,-•: II 00O»-»











I — o<-< cm
<M — los; •• + UH CM
r-4 s: oO m _i — *~->-4 -
- OS:-)* J »-* •> S£ f— •- <f
i-i <wO-~< >-> •> M — -» QiO C\! M
II II |— II 35T— ST >—-COZ II r-c^. O C?m m Z—. Q
*-* —• a£—u^O 2' )—^ •-< + <-' OliJ O0~« COi£ ^ZmOm + cov- >-•-• jzv-u mm<^.OiOvz<o #0 z zq:
-4s0 —t/)-'<<t< -,: VjO(/)Z-J>'J' I fY-M-Z«-' s>. o</> I h<UWZO<WD
11 mm 11 o-« 11 uu 11 11 —o<t -xoonorHwii ti 11 ^Q 11 11 11 h-o
2TO II CCSHXi II LL5" II II .iZU- II II O II II II II 2T II II liZOZZO- II ZZ/!UJZ2DJ<000'-iiJ<>-^O t-<<00^£a<UO«MWOWUM<i00^uLUJ




z> O 5: O
z O LU s:






Q.UJ 1 —• <




O i-Oh h- LL
2T< + LL
LUai LL —» +
-Q + O «»
h-< — O aUD Q ST
LLC? O LU 5:
• ST * LLI
31- UJ O ••XZ *• + O
».M O < +
-JO + —» <
XQ. < K- _
~ 1 w O h-
C* h- LL <_>
< <-" LL
olo LL •* w
h-l/> «— co #QO— cd;; cd com




D <-:X vl-O 00 *£>>-<OZ ;: I COvt M oO
a: Lf\ Z> sj- <J- + co +
COm 0'X ooc: ocrl







•* + + -~ •» <
< —i •— —» <~ u. h-<X <<
1- CL H-H 1—t —i < UJX h-X
LU •» O. a. a. H CQCl ma
CD < *- •- •* LU _J co—
1
•- H- <I < <. •» -~ u <x <
LL LU K h~ h- <JJ •~< «u LL
<t CO LU Ul LU t—
1
<x K <f <r<
H CO CO CO X Id u h-i-
UJ LL •- • ». #* a._j LU LLUJ
»• <r LL LL LL <r _j< Oco CO
H <r < < *— < t—1 •• CD
t—
<




UJ LU LU c <»-- < x<
*• O-CL 0— >^ -—» •- X l-LU <ll— h-
< —<»—
1
O^ O—O HH LUC0 will <UJ
r—
1
<< XCL 1—11—1 t •i—;i—
1
X CD • X t—< r
X l~t- *. •* xa XQ-X U C' XCD
•• LULU <<I »- •- •• •* ». X u.< If 1—
1
X COCO Hl- << <<<t "Z. <h- hX xx
1—
1
* »- Xlil •—« 1
—
-
- K-l 00 l-UJ X 1—1 »-X LLLL CD XUJ X IUX »• LU <t x<t
*- <i<r X CO C:' a CD x«- »-l—X (_ (_. h-iLL X X ! CD»— zx XX
"•"»
•z. LULU x< t-<U. t—iLL»~i s: MX 00 2
~» oo< t-
-H x< x<x LU< X X OOX
o —
J
OO XLU H- 1- * _J < o>- »»t-H
o DD 1—1»—
«
z XUI xuix OD <[•—
1
ox ox
2: OS XX 00 CD 2 z »-2: 5TS HX 2:
liJ Slcii t—
i
OO LD OOOOO 00 q: X LUX srx
•» ujo o-< OX ••H-) »— 1 •- a X Z" ILIZ
LL t—< t—
<
OX oxo -JLL I"-H eoo 00
•
t-f XX 2T< -a Ul hX 2: O
< _JLU •* 9- LUhh s:< x<s: LU X 000 20
«-» LUCL XX -X UJf-H !U»—UJ ho: X rO 000
\~ Z> MH f-i X X Z3 IZ -JS" 51
-II- XX -JI r-4 •> f-l -r~t II- Z-oo IUUj —ILU
LL UJ< •» •* UJk-i JI -JX-J o< 00 »> LU
+ — a: XX X UJl-< Ult-<LU <at a K-Of O
•~.~ HO 2Z _J X X 0 00 2: K-2:QO <r 0000 LUX -J " _J -_J f-<r cr Xoo 00OO l-Z> •- •* z UiX LUXLU 03 2IUJ X
2:2: OO' DO h-00 • 2 •-^ »- LLO LU <_J O-J
LUUJ LL OO •* •* 1—00 Kool- •* O UI <ruj
1- IZE: uo •- »-•-.»- Z>H OS » •*
o< Z>2! LUUJ + 00 oo< xz: S!00 + K- 01-
+ *- Xh •« •» <2T 4 O + 0^ ••f—
<
O0 <. +
<h- O f ~< «H -'UJ <£. <s:t~ -JO _J ^•x <rx
~-o _JCl _J—1— h- wLU —LUO xa. _JLU-~ KO _o
(-LL X 1 ujujs: o»-» \~ H LL «- 1 UI £ o<i h-<
CJ#- ~Ch *CL LL-J OH OrH-Jl- U(^ |-Q- LL
lli-~ CO -J-J + wLU u-» U Ih 0< H + «— uo
•—»cr> O-'OO LULUQ. K- » -'LU —»uia» 1— 00 ^XCL # 1 •«» 1




- •K -'- aroO'* IO>- 00< ^;-<i
CD U-\r-i arz> —
»
COI— f— # (n iu oj (xi _j co ;_n _j r-4 3CL— COO<L+- 13JO— COf*-)^ CO
«• mm <* _l
-)f »-c;> it ^- —
;
if LTiLU ;K- mujLf> UJ<1 _! 'Ar <t cr-k v} 1- •vinH- ^
l^-r^-o LUCD X HOOH>fj(\ii-KO r-r- »-<o zu<x i-l 0<—IvOCMO l-OO Is-
OrHr-l z. + 0+ 1 r-mm -1 rAf^l— ^Or-4|— r-i *-H X + OO 1 l^-LafOLL LTM-0LL s0
rvisO HH>- Z> oo<<rtv(Oo<oo c\Jv0 H->-ClZ> co + <mc-4o + CUO + r\j
^m + 1— CD xjo—^ooo1 1 omoHir>o + OCO—IX_lO<— s0O0>— vOm— r-l
(Mr-HOT Z! Z> —* X«4-|—f—0<X)0<^0t-H 1 CVIt—( 1 fiiZ <— Xsf-«l-OCOO< s0r-4< CM
vo o^cx: oz--• -V 1 wooo , ~) 0—'O 0<lO 0<-'~'(X. C6 2T. *-k 1 coi— (_)<Tf-t ol CJ oX »JJ
r-4+^3 ccO a: if \Z -4- LL LL • : + \~ ro + -"-« + «->» Z> COO<UJ\z-jollo^ + o. m + a t-4
0OT COl—O CO«-H X II II OLU coil— ocr:i— cdf-o Z)>-i(_ X oLL II oor:_j pa:- O
II II II LU.2: DhH II II II 5" II II II u II II O II II 11 ui^- 00|— LU II II ll II 5: II 11 11 <r-- II II <3-• II
Octiar.ctuj 00<Q.<COOO-CL<XOC£ + Oa:LLO<XLLC£c£tU <co<cDoa.u-alOct: —>Ua: -•O
CCr-t r-t r-i r-4 an r-< CM r-H C\J







a i uj-^a: —i —icd c£
<< <. cm* in #- •-< i _j< uj+ O
H-X t- ww aj ai+ *- <a
U.ID. lu ^m^ Cs>;,{ lli -y — i—- Z5
CD_J CC »->w_J w r,w -~ C\J< O
-<. - CLOOLU "^rO-Jt <M< — I'-
LL - LL "^O^ t-.w_J wf- "vijj X






— i/>>- Q- wi-h'v -<${ a.— oi
OU'* Ii>Ow CL-~ w_j z>
o* z-u-a w_j xlu o
4f--)t-(\j »~<a--!f xlu z-s* ll
—
-O^- OO-tf r. O0# *— i
—2:00 B 8 <\! o c oocv a:
a:ooo —Ow oivi *«— o
I I O — 5 Z * — ^
_j— g c£O0n — v. — i-* O
uj<ivO i iw — *— or a cvjfM or
«— h- r-!
_J— * q: Cl i
-it. ;,• •* »—
<
jt-LU ;• lu<: x. i < _j / ;• x
—
-M- -W wf~tH _l n IUrO ——• h-jjq * u # turn ww _j_j
lulus — * j* -:: x iuuj»t uj
•it^voo _j_jo x ~z •• * x
o»—' + LLILUSl — '/) _J«—< i—<i C I—
<\!CL— it- \00 _JQ LUCO 0-0-H
ww<3. om+ UJO 8 # •* • ^Mh t\ia— * o— ooc *~*
t—oouj ww<r c— r\i— 5:2:0
CLO-ft Mh r\i—. vqC oooo uj
^O— wZUi wfiC ^ | « «-- _J
coif -J Q-t-t;' "^ i *—~i cccc o
<~ o
—
uj woo— i-h^j am •- -a z
m o— v.- Z-M--J clijj —w << o <r
Or
,jf ql r- i—i — LU w—' Z-ft I— I— I
—
•- Ol N UO—•» oo-il- *-•— UJIJJO uj
JstSIJ-
-»r 0C 0-~ 00_J ww o >
lusOoolu^ o I c\! o_' -K-LU mm— »-<
.
I
w_ 5I_|w * LU Q/-H C0C0r-« h-
t-i'rvw^f. Q. ooluv. Otf- SI o I + 0<J<t
ai*j^ i wv-h 5; oo oj (\>f\!o»oo
». I eLU o ^# CL OOCM **—' ##OOUJ
o i (\j-v.m— it- _nf ww #>v {f*oiriZ z
£vO + m^— olu o V: v. o»-H —~ oi r-< a:
o^i-4 cCLX<0vjv.(n— c 1-* sJ-a. —i-J-K- I < •« 3
•>CDt-(woO|— I w-^^Q. I ^ UJUJ-— I CM K
o: ii oocuj ii o_x<t n -j; ii c •• -h-r-oo • lu
z-ooif—Zf— o —m HHOr4< (\j cc
<C?_JO^- _J_JZ»-<LU_Jm _Jw~Q.Q.CDCQ
(— LULU-ii- — LUtU^OO-Jt Ulw-~LUZ—J ••«- Z ——
»
—
LU «4'—*V «~00^ _J r-l^_J H.lUOOWZlU k-0' »-l
"-'Lut-i-ic a: ,-'t-<if
—
uji-<cji-u»— oo »-22:cqo^ o o cl
mcC.CL.tf I CLQ.^—*^0-0 »-CL^ hho0OO<LU< C00^ *-'
c?< "-cy-j-fc- »-s ctH-i ^)i.f-H »-os q. •» • I \~ so^" uj a.
\- CJ»a.LU ^C3-<r I CLQKJ'Q-^l!- -CCCC— i. CLtT>i-i _J — ii-
msrcowousio.jv-^'-";. *-r-
-/- o - aoiu a i a — —< e»-«
LUCDOO + 4<- W005IUJ 000-S-OOOOZ<<OUCCQ K—* m— CL CVCLZ »•—X »-00w(\j OfSC »-i!00|-HH-LL o —m 0(0 -fr
-K- «•
•-•Q qc <l _J oo ct: + •!*- *" QiS oo a: oo luuj>- oocm ooO(\j ^a o — o
h-z o-K luo *•——X »-o0 • +0L-"'iflO>-V 0^«--mo0w c\> Z)(N)
3<i<llj^ u«jz< -)• -r<— mmcciiK'-'ZUoos cooomw | izO h-ii- o-x-i— \— lui-h|—— h<««>2Q.(iQ:a3ino <:icDOv I— mcr
Ctvf UJ—«(\J—UJIU^- O0l-U'J<ILUI-I- II II-mj | 3<<OK l< I m -OD
cocOw_jw-~w-« o-^ wi-h-wuiluq-i— wcc:<r ii k ii w ii n w n oh->-< ii ii f-n
o vtuis^oc i—oj—maituro ?;. wonnuJ mujmLLmcmu_m ii u ii moiijjz
oo •.<^>-« | cD_i^-<^.«cD-»<M-0C|MOhOa:O'HOOOt-iO!-M3OOCL'JJ
m »-«*NJrO <-4(\Jt-< f-»(M —(CNJ OO




























































+ CL •}* n.3
C^-J CO-JKO

































































>' LLUL sf" LL)JJO - •• X
UJUJ5: t—<»—<CJ t-
•»: "*v</> o_o.h
r,f—< •(• » ». Z
C\!Q_~ GOD i-i
^XH oOcO UJ
mZ'IU »- — _J
— 00-~
- »-C Z
zj; _J << o <
»~i-»IU I— h- H-
C0~-}' li:IUO U.[
H CC w-* r, >
U </)UJ-v O I <M stst*- •-•
I
—'•-• ST—I*' CDCQ.w I—
-1 — jfO. OOUJV. ( + Os+<-<
L # —J-& »«—>-< f\|C\»Q>Ol/)
c uj o »-•« a i!>ooa
2 <\|s^rn— ;; _j ;; *;-•«- o -n o.
r + _<—•—- oi-U o —"~~ ° I
Ost oal<rviS^~_i_j-^ 1 < —
.Or-H— OOf— I -<— .—IUIU~- ! -~
CO II COOUJ II Q_X< • -H-r CO I—
LO^OOii- ——'ZHHHOrK O
I I _i04f —I—JZ'-, UJQ.Q.CQCD_ COe-<
-
I UJ it —- UJ UJ »—t oO -fci- • •"•-- *£. **» •>
U I »-xt—^ »-tOM -JOOijOZUlJ Q-(\J
-•sOt-i-ii- a: -<»-< •(• —'Luii sco c?*: Q *•
t'-'CL-K- I Q-CLsl — V-COt/XLLK t— CM
3 CD •Q'.-J-K »)f CiM r ! H- *•* *•*
- OilU >.-'.' I CLCXCX^i- V~>— "• —
Z5:i/i* c\j. ar-J-ft • "Q-ULb oaa -<
uaroO + *-~0')2_UJ 0<<OQCCC'Cr' O 0-fc Q.
2lu ——x «-(/)—(nji— K-f-u. r- <xcr> **-
h c^<_iooa: + »:• —ujuj— 000 <o <m o
-uj »-h-LUO ——x«-"—«/)Q>-h- w0-«— rocvj
Dct:<uj»f-o<<_J:"-J/-tcnuj<ir\^oo 1 ^ —-
n<(_^t o)i- 1—h-lu'~<<<>3 c.acctKi-vTOv.


























<( 1*-— ' Vr 0K ah-— CiC< I! I- II — II Ol-w II —OX^ II H-O
iDcQvl-UJ^Ct:^ -~^J--*OC~HLl-LI 3 tU>J-U-<tO II II llsJU.ll II II -^UJ^













































1 a. 1 — t-1
_i 1 ^ X
r-4 LU 1 ^»
*"-* CO 00 st









O •«• (XLU z z
S h- •* 00
LU 1 t-iLL * •)t
•" XO z LL
1- r-« -* (NJO zSQ^ r«
\-<£~ O^^ z 1
OOO h- hh<000
U- CC co0:0— «-<
IJJO Oi LL '^
ZOO i>0 ZUJLU_J -*
oav OK 1 LU X
t-«uj oZ »-<Z <nzzz
\->r4CC | —^!—• OOOO




















































































Z t~H<- 00 * 00
O rH * — it
•• OQ OOOOO OO
rHX2 2!S




I- OO II .-I <_>0 D I -'»~0-—— cy.
OZ<<Cl II -J II II —* II •—« II II (-11 II IDZO 0^-JUJlU_JU-w-2;x ZlhQ
r> uj,-ic\> 2:o<zz<n zllluoou-'uluz

















• 000 **** —X
!- 1 O >-i NJUJ
-.# I *
NJ-. h- +
Ott c.i "V. f\l~
«- r* — —M
— lo ;; *~ 00 #
a. —in _J OXZ UJ l_>0
IIJi-is}- H- 0—
ow# -; 00




rM— tr ^_l HO
— CM>-< a.1.11 •ft- ,^-
z-it a. _j-:i H-<—
•—••'. UJ a<
00in— h r-i *KO r> cv— -*+•' —~ir
•» CMrH— o'V n"-"
—.->«. ^rv! t—iQ. r-»CX
m< o-w _J «•
CMHQ nUl 0—
or.----1 Ofc O -
O^^-TH ^a^
•« a.a — •• •> •m1 *«
<r ;<• xz 1—<r—
'
O- -
J---~UJi-H CL •- xo






—0# <M 1 M *IU
0— ->)'- C£Q. —O
—
*





i 0-«— l-HX- -» l—
«
Z O—
D_ z oXZ 0"~oi Q. O tsl





—'OOO* UJf-i CL H CM 0—
_j H -' +0< -*x _J O •-'vJM
UJ O Q- — ft f— 1 LLJ Z + —rr
»- Z XM->if ^--J » 3 — O0 C
_J Z> IU i(- CM •-<wUJ _J u_ oOco
U 1 U_<0 o-S- Q.\* UJ <IOOw
•-
1
— «— nv,v rr l-H r. <l~ •-O ''
cc < »..K w^— aKi CC H •• o-$i O








X-tlH|l 00-if * 1 n»» x>i-H-4- 1
W-" 1
-OH I-~0<3. <*O-J v.u 3.^-r.—HO 1- <t f h-O UJ «fOH-<"<
c£mi— 1 *«- o-Jf Qt:ir.(— HO-H
I OOCO »-fXJi—<—
-
f-l t rt: co •«« *
z 1 QCf-t-i-K-Q.a.— -^ z I Z>-K •-'—•-'
a 1 -«:X Q- -if
-n- X ^-w- I OXQ. eCL
»-*<
-OU.UJ »-ir\—iuhsz •-•(VU-UJ »-vt »•
HC0 jn oOi>-<cir h-CD JN •*—
O LUCLw,-<,-* 1 HO-
3
O UJCL^-
zzu:Htt ~~ II K-l—
Q
zzi:s: 4- ^03CJHOK oN r-<—UJZ 30h-lDl— r-e
U-UJ (jHi-o;;- CC OQIUJ U.UJ 1»JHw ••













































































H- UJ O o o«-<q:
O _J II _l II —I II 0_Z>
ZoO_IX_J<t_JO II h-O























































4- 4- nC «$-
x a a o ar
-<t- - •* • •j>O II -1 _j _J <
wOJ iu UJ t-




<OQ- a. Q_ +
h-u- - »• •
LU O a o CM
CO COS 5: s: ^
••woo oo OO O
<CM •• •• •» N^-
h-LOX o < CIJ-
UJ 1 •« r- «- +w I <t <t < X
vj" 1 1- i- t- nT
h-r-uj UJ UJ c
<L*~ «—< «-» +
z <* 4 0-
ozo a o CM
-O h- n!" I- st- r- <}" *n* z:
H-UJ Q O Owcr:
O _J II _J II J II fX3
zv)ji_io_j< ii h-a
Z3 1 u<r -T <r vj" < vj- <t- 1 ! !
2



















































OOr^ •• r-i —
••ct:< »• Z
« >-h i} t-t r<i ooHZ X-~XQir-H I
OTCJ Z .Q— o
UJ 2O0»-<f— •-< H




>Q-K- UJn^O o Z
O.^-^ Z I oo^i | V)
»-*<aO00 0LC0LU— r, I
cOoCO—Z<QZO Z(js:aQ>- ujo oo
ZiiJUJ—Jn^-k. ODO —
«
O r— I LL) 4£. — Q' «— ^< w
>-<z o"3Z- ujoo ii z ii z:
I— •—• •—I O— NJCCG.CtQ.Ci;
















H < < •• •»
LU ** < <
CD < < H- h-
*• t- h- IU LU
LL —
-
LU U.I fO co
z H-
<
CO co r» •»Q CL •• •* LL LL
• t»* LL u. < <O < < <t h- »-
—
1
r~ h- H LLI UJ
x UJ LU UJ «h »»
•- CO •• •• o O








X XX Z X X v. »•Q t- •» < <
X •x < —
-
< -~ »— —
.
1—1 _
(-H O H-1 < f—
1
< X < X <X HH X X X X »- X •* X





z < —i < »-H < X <r X <t
i/) t—
1
X #« X »• ~ •^ ••> 9-
*• X *» _i •» _l X _j-* X -J—
o »• X LU— X UJ— z iu< z CO UJ<
o X z -<t z co < 00 cc< V- oo CO -K
s: »—
«
OO CO h-.|— CO CO H-ll - •>• CO •—HJ.J •* C\| »-Htll
LU X cc a uj •- CNJ Q : I o CM a x o LO ruX
#« •• o CM -X Q LO *X o LO 1— o 1 -t-
o. X o Lf * Oh O 1 ov X 1 o^- s: 1 o—
_i z s: 1 X-' 5: 1 5Iw LU 1 s:oo LU • s:z
LU OO U< 1 OOoO UJ 1 O0Z •» 1 ooo •» t\l l/)HH
»• CO •• •• 1 O 9» CT •-I—
1
Or (\l •~o o T-i 00
_J coo o a> X<w> O <l Xoo s: t-H Xf. s: < x*
LU CNJO s: < HH-H- s: —*# 00 < i—i— 00 r—>—«
*» ens 00 X—» i/) z X— »> xo «k z XQ
i-4 t UJ •» z -o •« a -a _J z o _J o> O
a: i _j o oo _j LU (DO UJ o OS LU IU OS
1 CL LU UJ t+SL UJ *-*5I •- LU t-iLU »• •—<LU
Q. LT\_) •» XLU •* a XLU vt X • Nf o X
>- <LLU rf) J- •• •* fl z » •« 1- H- »LL h~ z LLo h- i/) <ru_ h- o <ru. • 00 « o <<
t-H z~» •» cc *-i<t •» o «-H< X cc «|- X o l-H|—
CO OUJ X *—* XI- X LU XH- o t—
t
XLU o UJ XUJ
•» LU » o u_ ••LU o 00 •.LU < LL •* ^ < oo V •-
t—
4
T-i < < <I <. •* <x •* <tx
X ILCC •» LL h-X •k LL l-X < u_ hZ < LL »~zw o < o ujZ <t O LUZ 1— o UJ00 1- o IUO0
o_ H-
»
1- CO l/) H COoO LU CO •> UJ CO •-
X ox LU Q •• •- LU a • • •—
•
o < •mr a .<
o Z-~ »— ^ « w *z. <1<1 X <£ <1 1— >- *£ <H-
—
<
<a LU <I >-»- LU <i KK u_ <r KLU LL <I h-LU
CQ CC> a QiCMJJUJ >- orO>U)LU C0 crrcMxi •» CO CC0>UI »•
oo OLT\>-- •» Oin«^ * Oiii^M om^- cmZ LUt-t z aiH^r^ z Uli-tfOr-l z UJH^w z uj^-i-4-w-
o l-CO o 1—1-h-w Q l-^h-— o K<M-X o I--J-H-X
(—» z u z H-
<
2h It XZ »—
«
Z^h || XZ »—*"«Z,-t II uz t—)«--Z.-4 II oz




o<ocx: K<«-< o<C<i re •— «=!•—
«
o<<roi
u xz> o r^h-<ZJ O rOK-O OX roi- II r? OX roh- II X)




3l.-llJjH-.UjZ 3 U-lt—iXLULUZ D UJ»-.XUJLUZ ^JIUMlLLUJZ 3_IUJi-iXLLlLlZ
U-Q-f-CflQiLU LL--l-CLl-QQlLU LL--H-Q.I— >-cr-LU LL<H-a.H-COQC:U-l LL<1|— O-H-coaruj
r-H< r-«« rH< l-4< rH<I
O Z> .—
t
3 rH r? t-i Z) 1-4
-J -J _J _i
_J
<r < < < <
> > > > >













































OfM X » o
s: in t-nCL 5:
uu t -»X_J CO UJ
1 i^ -U-i •» I
a. I <_>»-« •• ro cjm COX—I r-l r-i
ai< '-"UJ •^
•-H-J- - m #JZ xa:<a:<-i ^~
UJO *#Ho~ z
UJ Z— XI-.-H CO
<4 QZ <o *
QiU- l/)>-!zo XQ z* xHO zh (\IOU-wso t/>
XQ,* Z-tO o #
-Zj,fzaa:z i o
x<oco » «- UJ-» o
uuc£CJ— o^QZ 5l
os;u.r-«fo IU UJ
ZHJLU_J*-<OD o 1OH 1 UJ.> -~ c*:~o
mZ o""3Z-:'- ujwOZhz
t— •—<rH C—M 03O (X <-- cC
o il —i H — <hDv-3
zooixr-J2:-~ a:*- li h ii hi i
Z)UJO<lli !»-•GU.XIUXUJZ
LL h- (/) <~>O CL U- t-f UJ Ol 1JJ CC UJ
< •—
(








1. Campbell, John Paul, Vertical Takeoff and Landing Aircraft
,
The
Macmillan Co., New York, 1962.
2. Gedney, Richard T. and Siege 1, Robert, Inviscld Flow Analysis of Two
Parallel Slot Jets Impinging Normally on a Surface , NASA TN D-4957
,
1968.
3. Goldstein, Marvin E. and Siegel, Robert, Analysis of Two Dimensional




4. Goldstein, Marvin E. and Siegel, Robert, Two Dimensional Inviscid Jet
Flow from Two Nozzles at an Angle to a Plane Surface , NASA TN D-5064,
1969.




6. North Atlantic Treaty Organisation Advisory Group for Aeronautical
Research and Development, Symposium on Vertical/Short Takeoff and
Landing Aircraft, Proceedings, 19(0.
7. Rainville, Earl D. , Special Functions , The Macmillan Co., New York,
1960.
8. Whittaker, Edmund T., and Watson, G. N. , A Course of Modern Analysis
,





1. Defense Documentation Center 2
Can Ton Station
Alexandria, Virginia 22314
2. Library, Code 0212 2
Naval Postgraduate School
Monterey, California 93940
3. Assistant Professor T. M. Houlihan, Code 59Hm 1
Department of Mechanical Engineering
Naval Postgraduate School
Monterey, California 93940
4. LTJG Charles Douglas Thompson, USN l
334 South Worthington
West Memphis, Arkansas 72301
5. Professor T. Sarpkaya, Code 59S1 l
Department of Mechanical Engineering
Naval Postgraduate School
Monterey, C; ifornia 93940
6. Assistant Professor R. H. Nunn, Code 59Nn 1
Department of Mechanical Engineering
Naval Postgraduate School
Monterey, California 93940
7. Dr. Marvin E. Goldstein ]
Lewis Research Center






DOCUMENT CONTROL DATA -R&D
(Security classification of title, body of obstruct and indexing annotation must be entered when tlie overall report is clmsilied)
niginating ACTIVITY (Corporate author)
Naval Postgraduate School
Monterey, California 93940




An Investigation of Ground Effect on Vertical Takeoff Aircraft
IESCRIPTIVE NOTES (Type ot report and.inclusive dates)
Master's Thesis; June 1970
UTHOSISI (First name, middle initial, last nai.w)
Charles Douglas Thompson
EPOR T D A TE
Tune 1970
CONTRACT OR GRANT NO.
PROJEC T NO
7a. TOTAL NO. OF PAGES
74
7b. NO. OF REFS
9/1. ORIGINATOR'S REPORT NUMBER(S)
»b. OTHER REPORT NO(S) (Any other numbers that may be assigned
this report)
DISTRIBUTION STATEMENT
This document has been approved for public release and sale;
its distribution is unlimited.





The theoretical solution for the flow beneath V/STOL aircraft was extended
to include tilted jet configurations. A laboratory model was constructed to
test the effect of variation of the parameters governing the flow. Free
streamline plots, pressure coefficients on the ground and fuselage and velocity
profiles in the nozzles were determined from hot-wire anemometer traverses and




N 0101 -807-681 1















c . 1 An investigation of








c# l An investigation of
ground effect on verti-
cal takeoff aircraft.
thesT428
An investigation of ground effect on ver
3 2768 002 03497 7
DUDLEY KNOX LIBRARY
